[1+2] Condensation of 2,6-diformylphenol (1) with ethyl-2-[(2-aminophenyl) 
Introduction
Directed synthesis of polydentate organic compounds with various donor centers followed by metal complexes formation, their structures' definition and evaluation of regioselective coordination factors play an important role in design of artificial models of biologically important objects [1, 2] and searching for compounds with required physicochemical and applied properties, [3] [4] [5] e.g. magnetic, [6, 7] catalytic, [8] [9] [10] medicobiological, [11] etc. Previously we have reported on macroacyclic polydentate ligands via diethyl-2-[(2-aminophenyl)-aminomethylidene]malonate or ethyl-2-[(2-aminophenyl)aminomethylidene]-3-oxo-3-(polyfluoro)alkylpropionates with thiophene-2,5-dicarboxaldehyde. [12, 13] It was shown the structure of their coordination centers depends on the symmetry of 1,3-dicarbonyl fragment. These compounds were expected to form complexes with 3d metal ions; however our attempts to isolate stable chelates were unsuccessful because of sulfur atom in thiophene cycle seems to have the low donor ability for the formation of strong donor-acceptor bond with metal ion. [14] Unlike thiophene-2,5-dicarboxaldehyde 2,6-diformylphenol have a hydroxy group that can provide the covalent bonding with metal ions. It is worth noting that 2,6-diformylphenol and its derivatives are widely used in the design of polydentate ligands which can form polynuclear complex systems having magnetic interaction between the metal centers. Due to the study of stereochemical, electronic, magnetic, catalytic, spectroscopic and biological properties one can suggest for them some important applications. [15] [16] [17] [18] In this paper we describe the synthesis, coordination properties and tuberculostatic activity of new macroacyclic Schiff base ligands based on 2,6-diformylphenol 1 and ethyl-2-[(2-aminophenyl)aminomethylidene]-1,3-dicarbonyl compounds 2a-d.
Results and Discussion
It was found the reaction of dialdehyde 1 with amines 2a-d in ethanol at room temperature proceeds regioselectively and gives [1+2] condensation productsdiazomethines 3a-d in good yields (Scheme 1). Structures of 3a-d were characterized by IR, 1 H, 19 F NMR spectroscopy and elemental analysis.
An important point is that compounds 3a-d have labile hydrogen atom and therefore they can be involved in keto-enol and amine-imine tautomerism. The imino-enone, imino-enol, and/or amino-enone tautomers are possible for their structure. Furthermore, amino-enone tautomers of 3-oxoesters derivatives 3c,d can exhibit Z,E-isomerism because of different position of non-equivalent substituents relative to C=C bond. ). In this case absorption bands are either doublet or broadened. Based on the IR spectra analogy we suggested for compounds 3c,d E,Eisomeric structure in which bis(amino-enone) fragments stabilized with IMHB are in trans-position relative to aromatic spacer similarly to described earlier [13] thiophene derivatives.
According to the 1 H and
19
F NMR spectral data azomethines 3c,d in CDCl 3 solutions exist as mixtures of E,Eand Z,Z-isomers and E,E-isomer is prevalent ( Table 1) . The E,E-and Z,Z-isomeric forms in the 1 H and 19 F NMR spectra were attributed in accordance with our previous work [19] in which CH-and NH-protons of EE-isomer are observed at lower field compared to that of Z,Z-isomer.
There are two (N 2 O 2 -and N 2 O-) coordination centers capable of complex formation in the structure of compounds 3a-d. Their treatment with nickel(II) and copper(II) salts in equimolar ratio was shown to give mononuclear complexes 4a-g (yields 89-93 %). We were also succeeded in template synthesis of 4a-g from dialdehyde 1 and amines 2a-d with 3d metal ions (yields 80-95 %). In both cases tetradentate N 2 O 2 -center participated in the complex formation.
Elemental analyses data of complexes 4a-g correspond to M[L-H] structure (M = metal, L = ligand). IR spectra of 4a-g contain both high-frequency absorption bands (1727-1690 cm -1 ) corresponding to the vibrations of free carbonyl groups (CO 2 Et and R (F) C=O) and absorption bands of carbonyl groups which participate in the coordination with metal ions. The latter are characterized with low-frequency shift (1665-1615 cm -1 ). Absorption intensity decreasing of NH-and OH-groups in the field of stretching vibrations is also observed (3206-3125 cm -1 ). Yu. S. Kudyakova et al.
… O (7) Three conjugated metal cycles (two six-and one five-membered) are formed in the molecule as a result of tetradentate coordination. Electron density of six-membered metal cycles is strongly delocalized that leads to the equalization of Ni-X, С-Х and С-С bond lengths (X = N, O) of the metal cycle.
Molecular packing of 4d is formed by translational molecules stacks with the interplanar distance 3.43(1) Å ( Figure 3) . The cavities between the stacks are occupied by pyridine molecules. Stacks are packed in parallel layers owing to π-π stacking of phenyl rings of adjacent molecules. [20] Reaction of ligand 3d with two equivalents of nickel(II) chloride and pyridine resulted in binuclear nickel complex 5d. The main requirement providing complex formation on two N 2 O-centers was the use of pyridine as a base in equimolar quantity that facilitates the deprotonation of NH-groups. One-pot synthesis of binuclear complexes 5a-c from dialdehyde 1 and ethyl-2-[(2-aminophenyl)aminomethylidene]-1,3-dicarbonyl compounds 2b,c on the nickel(II)/copper(II) ions template was also successful and in this case DBU was used as a base. Advantage of one-pot method is absence of additional stages of ligand isolation and purification and as a result a higher yield of metal complex.
Spectral Polydentate 19 F NMR spectra points out at the equivalence of coordination centers.
To our best knowledge one of the antituberculous aspects of isoniazid (isonicotinic acid hydrazide) action is the ability to form metal complexes which alters the normal microorganisms' activity and prevents mycobacteria multiplication. [21] Within this context and taking into account the complexing properties of diazomethines 3 we were estimated tuberculostatic activity of 3c,d in vitro by their effect on the growth inhibition of Mycobacterium tuberculosis H 37 Rv. Isoniazid was used as a reference drug with minimum inhibition concentration (MIC) 0.15 μg/ml. The MIC was defined as the lowest concentration of drug required for M. tuberculosis H 37 Rv growth inhibition. Both non-fluorinated diazomethine 3c and fluorinated one 3d demonstrated a moderate effect against M. tuberculosis H 37 Rv with MIC 6.2 μg/ml.
Experimental

Equipment
Melting points were measured in open capillaries with a Stuart SMP3 apparatus for melting temperature determination. The IR diffuse reflectance spectra were recorded on a Perkin Elmer Spectrum One Fourier FT-IR instrument in the interval 400-4000 cm -1 in the solid state as powders on a stick using a diffuse reflectance attachment (DRA). The 1 H (400 MHz) and 19 F (376 MHz) NMR spectra were recorded on a Bruker DRX-400 spectrometer with (CH 3 ) 4 Si and C 6 F 6 as internal standarts, respectively. Elemental analyses were performed on a Perkin Elmer PE 2400 series II elemental analyzer.
Tuberculostatic Activity Determination Method
Determination of 3c,d tuberculostatic activity was carried out with the use of solid culture medium Novaya by vertical diffusion method. For inoculation the laboratory strain H 37 Rv was prepared. The culture of laboratory strain was weighed on a torsion balance and sample (10 mg) was placed into porcelain mortar and triturated thoroughly; then the culture suspension was prepared by bacterial turbidity standard (100 million microbial bodies/ml). The suspension obtained (2 ml) was inoculated into tubes containing culture medium and a test compound (5 ml) of appropriate dilution. Prepared by serial dilution the following concentrations were used: 100, 50, 12.5, 6.2, 3.5, 1.5, 0.7, 0.3, 0.15 μg/ml. The tube was incubated in calorstat for 7-10 days at 37 °C. Study of test substances effect on the growth of Mycobacterium tuberculosis H 37 Rv was performed in three parallel tubes at each concentration.
Materials
Reactions were monitored by thin layer chromatography (TLC) with 0.20 mm Alugram Sil G/UV 254 pre-coated silica gel plates (60 F254). The column chromatography was carried out on Merck silica gel 60 (0.063-0.200 mm). Unless otherwise mentioned, all commercially available compounds and solvents were used as received (2,6-diformylphenol 1 (>98.0 %) was purchased from Tokio Chemical Industry Co., Ltd., pyridine (ACS 99 %) from Alfa Aesar, 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU) (98 %) from Acros Organics). Ethanol was purified and dried according to standard procedures. [22] Diethyl 2-[(2-aminophenyl)aminomethylidene]-malonate 2а, [12] 3-[(2-aminophenyl) aminomethylidene]pentane-2,4-dione 2b [23] and ethyl 2-[(2-aminophenyl)aminomethylidene]-3-oxo-3-(polyfluoro)alkylpropionates 2c,d [24, 25] were synthesized according to previously reported procedures. 
X-Ray Crystallography
Synthesis
Diazomethines 3a-d (general procedure). To a solution of 2,6-diformylphenol 1 (0.75 g, 5 mmol) in anhydrous EtOH (40 ml) the corresponding ester 2 (10 mmol) was added. After stirring for 4 h the precipitate formed was separated by filtration, crystallized from MeCN and dried to give products 3a-d as bright yellow powders. 7 .92 (all dd, J = 7.9, 1.7 Hz, 6H, Ar), 8.21 (s, 2Н, 2 =СH), 8.33 (s,  2Н, 2 H-С=N), 10.33 (s, 1H, OH) . 
Tetraethyl 2,2'-[1,3-(2-hydroxybenzylidene)-bis(aminomethylidene-2-iminophenylene)] dimalonate (3a)
.
Conclusions
Perspective approach to the polydentate acyclic ligands 3 based on [1+2]condensation of 2,6-diformylphenol 1 with ethyl-2-[(2-aminophenyl)aminomethylidene]-1,3-dicarbonyl compounds 2a-d was reported. Compounds 3a-d can form both mono-and binuclear complexes with 3d metal ions due to the presence of two coordination centers (N 2 O 2 -and N 2 O-) in structure. Directed one-pot method of metal complexes synthesis is more efficient. Unequal structure of coordination units accounts for different conditions of complexes formation: mononuclear complexes 4 were shown to be formed as a result of N 2 O 2 -center coordination with the participation of 2,6-diformylphenol OH-group in covalent bonding with the metal ion. In the case of binuclear complexes 5 two metal ions bind two N 2 O-centers and counterions are participated in covalent bonding leaving free OH-group. Diazomethines 3c,d exhibited the moderate inhibitor activity against growth of M. tuberculosis H 37 Rv (MIC 6.2 μg/ml). Further work will be directed at the synthesis of supramolecular systems containing ions of different metals besides 3d metals, e.g. Pd(II) or Zn(II), and their applied properties study (catalytic, photoluminescent, etc.).
